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(54) PERMANENT MAGNET MOTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To attain a high efficiency 
motor by increasing reluctance torque in a permanent 
magnet motor. 

SOLUTION: An inner rotor permanent magnet motor 
generates mainly magnet torque by dividing a rotor core 
10 into two cores 13, 16 in the axial direction of a central 
hole 15, embedding a permanent magnet 1 1 in the first 
core 13, and forming a hole 12 for flux barrier at the core 
inner-diametrical end of the permanent magnet 11. At 
the second core 16, a hole 14 for flux barrier is formed 
which is included in the cross-sectional shape of the 
permanent magnet 11, and a slit 15 is formed whose 
shape runs along the magnetic path of magnetic flux 
from a stator core, so that inductance difference between 

the d-axis and the q-axis is increased, that is, only large reluctance torque is generated. It is 
possible to prevent the occurrence of short-circuit or leakage of the magnetic flux by the 
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respective holes 12, 14, at the end part of the permanent magnet 11 and a contact surface 
between the first core 12 and the second core 14. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the inner rotor type permanent- 
magnetic motor used for a compressor etc., and it is related with the permanent-magnetic motor which 
carries out the deployment of the reluctance torque in detail, and attains efficient-ization especially. 
[0002] 

[Description of the Prior Art] What the inner rotor configuration of a permanent-magnetic motor is 
laying the permanent magnet under the magnet flush-type field core (rotor core), for example, is shown 
in drawin g 11 or the drawing 12 is proposed. In drawing 1 1 , the permanent magnet 3 of a cross-section 
rectangle (tabular) is arranged along with an outer diameter at a core circumferencial direction by the 
number (for example, 4 very) of poles of the concerned permanent-magnetic motor, and the flux barrier 
4 for preventing the shunt of magnetic flux and a leakage is formed between the permanent magnets 3 
which they-adjoin at the rotor core 2 in the stator core 1 of 24 slots. In addition, 5 is a feed hole (for 
shafts), 

[0003] Here, when the magnetic-flux distribution of the opening section (between the gear tooth of a 
stator core 1 and the permanent magnets 3) by the permanent magnet 3 shall have become sine wave- 
like, torque T of a permanent-magnetic motor is expressed with T=Pn{phia ? la, and cosbeta-0.5 (Ld-Lq), 
12, and sin2beta}. In addition, for the armature flux linkage according [ an output torque and phia ] to 
the permanent magnet on d and q axis of coordinates in T, and Ld and Lq, d, q shaft inductance, and la 
are [ d, the angle of lead from q shaft of the armature current on q axis of coordinates, and Pn of the 
amplitude of the armature current on d and q axis of coordinates and beta ] the numbers of pole pairs. 
[0004] In the aforementioned formula, the 1st term is the magnet torque by the permanent magnet 3, and 
the 2nd two term is reluctance torque produced according to the difference of d shaft inductance and g 
shaft inductance. In detail, it is T.IEE. Please refer to the paper of Japan, Vol.1 17-D, and No 7 and 1997. 
Moreover, although the rotor core 2 shown in draw ing 12 is the configuration of having the permanent 
magnet 6 of the configuration different from the permanent magnet 3 shown in drawin g 11 , an 
application of the aforementioned formula is in dawn. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the aforementioned permanent-magnetic motor, 
since it is placed between the magnetic paths of d shaft by the parvus permanent magnets 3 and 4 of 
permeability almost right-angled, since the comparatively large permanent magnets 3 and 4 are 
embedded along with the magnetic path compared with the magnetic path of q shaft, q shaft inductance 
Lq is as practically equal [ d shaft inductance Ld is small from the first and ] as Ld. Thus, since q shaft 
inductance Lq is small, the value of the inductance difference (Ld-Lq) of the parameter in the 
aforementioned formula is small, therefore there is a fault of the parvus in reluctance torque. 
[0006] This invention is made in view of the aforementioned technical probrem, the purpose can enlarge 
the inductance difference of d shaft and q shaft, reluctance torque can be enlarged, and it is in offering 
the permanent-magnetic motor which enabled it to obtain an efficient motor. 
[0007] 

[Means for Solving the Problem] In order to attain the aforementioned purpose, it is characterized by 
this invention coming to form the slit for enlarging the difference of the inductance of the hole and d 
shaft which divide the aforementioned rotor core into two or more cores at the shaft orientations of a 
feed hole, lay a permanent magnet under the one core among two or more of these cores at least in the 
permanent-magnetic motor which has a rotor core inside, and are included in the cross-section 
configuration of the aforementioned permanent magnet at other cores, and q shaft. 
[0008] In the permanent-magnetic motor with which this invention comes to arrange a magnet flush- 
type field core (rotor core) in a stator core Divide the aforementioned rotor core into the shaft 
orientations of a feed hole at two cores, double with one core (the 1 st core) at least at the number of 
poles of the aforementioned permanent-magnetic motor, and a permanent magnet is laid underground. 
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While the hole for flux barrier which faces the core (the 2nd core) of another side at the aforementioned 
permanent magnet, and is contained in the cross-section configuration of this permanent magnet is 
formed It is characterized by coming to form the slit for enlarging the difference of the inductance of d 
shaft and q shaft along with the magnetic path of the magnetic flux from the aforementioned stator core. 
[0009] In this case, the permanent magnet of the 1st aforementioned core is turned to radial in a cross- 
section rectangle. And arrange to a core circumferencial direction at equal intervals by the number of 
poles of the concerned permanent-magnetic motor, and it considers as the boundary line top of a 
magnetic pole. And it is good to form the hole for flux barrier between the diameter side edge sections 
of incore of this permanent magnet, and to include the hole for the ******** barrier of the 2nd 
aforementioned core in the cross-section rectangle of the aforementioned permanent magnet, and to 
form the aforementioned slit in the type where the magnetic path of the magnetic flux from the 
aforementioned stator core was met, 

[0010] While the permanent magnet of the 1st aforementioned core is arranged right-angled to the 
typeface of reverse * * in a cross-section rectangle and the magnetic pole of the concerned permanent 
magnet is constituted The group of the permanent magnet arranged right-angled by the typeface of this 
reverse ** is arranged to a core circumferencial direction at equal intervals by the number of poles of the 
concerned permanent-magnetic motor, the hole for the flux barrier of the 2nd aforementioned core — the 
cross-section rectangle of the aforementioned permanent magnet - including — and the aforementioned 
slit - the above - it is better than a hole to form in the type where the core outer-diameter side was met 
at the magnetic path of the magnetic flux from the aforementioned stator core 
[001 1] The permanent magnet of the 1st aforementioned core is arranged to a core circumferencial 
direction at equal intervals by the number of poles of the concerned permanent-magnetic motor along 
with the diameter of incore in a cross-section rectangle. And the hole for flux barrier prolonged in the 
core outer-diameter orientation from the both ends of this permanent magnet is formed. It is good to 
include the hole for the flux barrier of the 2nd aforementioned core in the cross-section rectangle of the 
aforementioned permanent magnet and the configuration of the hole for flux barrier, and to form the 
aforementioned slit in the type where the magnetic path of the magnetic flux from the aforementioned 
stator core was met. Moreover, it is good to use a rare earth permanent magnet for the permanent magnet 
of the 1st aforementioned core. 

[0012] Furthermore, as for the 1st aforementioned core and the 2nd core, it is good to form by the 
automatic laminating method which pierces a magnetic steel sheet with a press, to pierce for all cores 
about the hole of the slit of the 2nd aforementioned core, to pierce for a core required about the hole of 
the permanent magnet of the 1st aforementioned core, to lay underground a press and the account 
permanent magnet of back to front which carried out the laminating, and to magnetize this ********** 
magnetic steel sheet. It is good to incorporate the aforementioned core as a rotor core and to consider as 
DC brushless motor further again. 
[0013] 

[Embodiments of the Invention] Hereafter, the gestalt of implementation of this invention is explained m 
detail with reference to the dr awin g 1 or the drawing 10 . If the core which has a permanent magnet, and 
the core which does not have a permanent magnet constitute an inner core (i.e., if the permanent- 
magnetic motor of this invention constitutes an inner core from a core which mainly generates magnet 
torque, and a core which enlarges reluctance torque), it will be made possible [ efficient-izing of a 
motor ] at view. 

[0014] So that there may be no drawing 1 and it may be shown dra win g 3 therefore, the rotor core 
(magnet flush-type field core) 10 of this permanent-magnetic motor Turn the permanent magnet 1 1 of a 
cross-section rectangle to radial, arrange to a circumferencial direction at equal intervals by the number 
(4 very) of poles of the concerned permanent-magnetic motor, and a magnetic pole is formed (getting it 
blocked and making a permanent magnet 1 1 into the boundary line top of a magnetic pole). And the 1st 
core 13 which comes to form the hole 12 for flux barrier between the diameter side edge sections of 
incore of a permanent magnet 1 1 (iron core), a permanent magnet - not having - the cross-section 
configuration of a permanent magnet 1 1 - facing - the hole 14 for flux barrier - and - said it 
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consists of the 2nd core (iron core) 16 which formed the slit 15 in the core outer-diameter side from the 
hole 14 In addition, 17 is a feed hole (for shafts). Moreover, the 1st core 13 is carried out to more than 
the half of the length (all laminating length) which carried out the laminating of the core which, that is, 
the rotor core 1 0 mentions later, [ half ] 

[0015] Therefore, the hole 12 of the 1st core 13 prevents the shunt of the magnetic flux of a permanent 
magnet 11, and a leakage, and the hole 14 of the 2nd core 16 demonstrates the flux barrier function to 
prevent the shunt of the magnetic flux of a permanent magnet 1 1 , and a leakage in the contact surface of 
the 1st core 13 and the 2nd core 16. Moreover, as shown in the drawing 3 and the drawing 4 , the slit 15 
of the 2nd core 16 is the type where the magnetic path of the magnetic flux from a stator core 1 8 was 
met, and enlarges the inductance difference of d shaft and q shaft. 

[0016] If the block diagram of the permanent-magnetic motor shown in drawing 4 is explained, although 
the stator cores 1 8 of 24 slots are 24 slots and it has the armature winding of a three phase (U phase, V 
phase, and W phase), the number of slots may differ from the number of armature windings. In addition, 
the armature winding of a stator core 18 makes W phase the coil by the side of U phase and a bore, and 
makes the middle coil V phase for the coil for example, by the side of an outer diameter. 
[0017] Next, if the rotor core of the aforementioned configuration is explained, although the permanent 
magnet 1 1 is made into the cross-section rectangle suitable for radial in the 1st core 14, by making a rare 
earth permanent magnet into a material, for example, required flux density can be generated enough, that 
is, required magnet torque can be generated. Moreover, since the field between which it is not placed by 
the permanent magnet to the magnetic path of the magnetic flux from a stator core 1 8 exists as shown in 
the solid-line arrow head of the curve of drawin g 2 , q shaft inductance is large, the difference of the 
inductance of d shaft and q shaft is large by this, and occurrence of reluctance torque can be seen. 
[0018] In the 2nd core 16, since it does not have a permanent magnet, although there is no occurrence of 
magnet torque, while d shaft inductance becomes very small by the slit 15, as the influence to large q 
shaft inductance mentioned above for the parvus reason, large reluctance torque can be generated for the 
difference (Lq-Ld) of the inductance of d shaft and q shaft greatly that is,. Furthermore, since the shunt 
of magnetic flux in the diameter side edge section of incore of a permanent magnet 1 1 and a leakage are 
prevented from the hole 12 of the 1st core 13 and the shunt of magnetic flux in the top edge of a 
permanent magnet 1 1 and a leakage are prevented by the hole 14 of the 2nd core 16 as mentioned above, 
the error of flux density can be prevented, 

[0019] Thus, magnet torque is mainly generated with the 1st core 12, and only reluctance torque is 
generated with the 2nd core 1 7. Therefore, with the 1 st core 1 3, since the size of a permanent magnet 1 1 
can be decided that magnet torque becomes large as much as possible regardless of reluctance torque 
and a slit 15 can be decided that reluctance torque becomes the maximum with the 2nd core 14, an 
efficient motor can be obtained. Moreover, since reluctance torque can be enlarged in the 2nd core 16, 
when it considers as the material of the permanent magnet 1 of the 1 st core 1 3, for example, an 
expensive rare earth permanent magnet is used, it is not necessary to make [ many ] the amount of the 
rare earth permanent magnet (not enlarging a permanent magnet 11), and the motor of a low cost can be 
realized. 

[0020] by the way, a manufacture of the rotor core 1 0 — setting — a core press — metal mold -- using — 
an automatic press — a magnetic steel sheet — piercing — metal mold — the core laminating method 
(automatic laminating method) which forms the 1st and 2nd cores 13 and 16 in one in total inside is 
adopted At this press-working-of-sheet-metal process, when the hole which is equivalent to the slit 1 5 of 
the 2nd core 16 at least when piercing the 1st core 13 is not pierced but the 2nd core 16 is pierced, the 
1 st hole and hole 1 2 of a permanent magnet 1 1 of a core 1 3 are not pierced. For example, while the 1 st 
hole and hole 12 of a permanent magnet 1 1 of a core 13 are pierced only for the core to need and the 
hole 14 of the 2nd core 16 is pierced for all cores, the slit 15 of the 2nd core 16 is pierced only for the 
core to need. And after closing automatically a press and the core by which the laminating was carried 
out, the permanent magnets 1 1 , such as a rare earth permanent magnet, are contained to the hole of a 
permanent magnet 1 1 , and a lid is carried out, and a permanent magnet 1 1 is magnetized. 
[0021] Thus, it is not necessary to change with the former in cost and to become a cost rise, without 

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 3/5/02 



• » Page 4 of 5 

[ that is, ] dropping a manufacture efficiency, since the rotor core 10 can be manufactured with the 
automatic laminating method already used. Moreover, a performance rise (elevation of operation 
luminous efficacy, vibration and a fall of an ambient noise) of an air conditioner can be aimed at, 
without raising a cost, if the rotor core 10 formed of the above-mentioned is incorporated, it considers as 
DC brushless motor and it uses as a compressor motor of an air conditioner etc. 
[0022] As shown in draw ing 5 , each magnetic pole of the 1st core 13 may be constituted from two 
permanent magnets 19a and 19b, and this is the type where the permanent magnet 1 1 shown in drawin g 
2 was divided into the core radial. That is, although the permanent magnet 1 1 of the gestalt of pre- 
operation has taken the shared type of a contiguity magnetic pole, the gestalt of this operation constitutes 
each magnetic pole from the group of two permanent magnets 19a and 19b. Therefore, permanent 
magnets 19a and 19b are cross-section rectangles, they are and make a right angle the typeface of 
reverse **, are arranged at it, arrange 4 sets of these permanent magnets 19a and 19b at equal intervals, 
and form the concerned magnetic pole (4 very). 

[0023] On the other hand, as shown in the drawing 6 and the drawing 7 , the formal slit 21 which formed 
the holes 20a and 20b contained in the cross-section configuration of permanent magnets 19a and 19b 
like the gestalt of pre-operation in the 2nd core 16 which does not have a permanent magnet, and met the 
core outer-diameter side by the inside of holes 20a and 20b at the magnetic path of the magnetic flux 
from a stator core 1 8 is formed. In addition, among the drawin g 5 or the drawing 7 , the same sign is 
given to the same fraction as the drawin g 2 or the drawing 4 , and a corresponding fraction, and a 
duplication explanation is omitted. In order to mainly generate magnet torque in the 1 st core 1 3 and to 
generate only reluctance torque in the 2nd core 16 like the gestalt of pre-operation with the gestalt of this 
operation, If the same operation as the gestalt of pre-operation and an effect are done so and this rotor 
core is further used for DC brushless motor even if it does so the effect explained with the gestalt of pre- 
operation, and the same effect and it is in a core manufacture, it is clear to do so the same effect as the 
gestalt of pre-operation. 

[0024] Moreover, as shown in drawing 8 , the magnetic pole of the 1st core 13 may be constituted from 
a permanent magnet 22, and this permanent magnet 22 is arranged by the number (4 very) of poles at 
equal intervals along with the diameter (periphery of a feed hole 1 7) of incore in a cross-section 
rectangle. The holes 23a and 23b prolonged in the core outer-diameter orientation, i.e., the hole for flux 
barrier, are formed in the both ends of a permanent magnet 22. On the other hand, as shown in the 
drawing 9 and the d rawin g 10 , the hole 24 contained in the configuration of the permanent magnet 22 
and the holes 23 a and 23b is formed in the 2nd core 16 which does not have a permanent magnet, and 
the formal slit 25 which met the core outer-diameter side from the hole 24 at the magnetic path of the 
magnetic flux from a stator core 1 8 is formed in it. In addition, among the drawin g 8 or the drawin g 10 , 
the same sign is given to the same fraction as the drawing 2 or the drawing 4 , and a corresponding 
fraction, and a duplication explanation is omitted. In this case, as a configuration of a hole 24, you may 
round off the plane-of-composition fraction (obtuse angle fraction) of a permanent magnet 22 and the 
holes 23a and 23b on a curve, moreover, the hole 24 — one — it is not necessary to be — for example, a 
permanent magnet 22 and a hole — 23a and a hole — 23b is faced and it is good also as three holes 
[0025] Although the effect explained with the gestalt of pre-operation and the same effect are done so 
with the gestalt of this operation in order to mainly generate magnet torque in the 1st core 13 and to 
generate only reluctance torque in the 2nd core 16 like the gestalt of operation mentioned above Since 
the permanent magnet 22 in the 1st core 13 is a diameter side of incore, it is possible to enlarge 
reluctance torque in the 1st core 13 more. Moreover, if the same operation as the gestalt of pre-operation 
and an effect are done so and this rotor core is further used for DC brushless motor even if it is in a core 
manufacture, it is clear to do so the same effect as the gestalt of pre-operation. 

[0026] Further again, the permanent magnets 11, 19a, 19b, and 22 of the 1st core 13 of the gestalt of 
operation mentioned above are cross-section rectangles altogether, that is, since there is no curvilinear 
fraction, they can obtain permanent magnets 11, 19a, 19b, and 22 by straight-line manipulation 
(polishing) of a low cost. In addition, although the example which made four poles the number of poles 
of the concerned permanent-magnetic motor explained with the gestalt of operation mentioned above, if 
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the permanent magnet according to the number of like poles is used in the case of other numbers of 

poles, it is in dawn that the effect mentioned above can be acquired 

[0027] 

[Effect of the Invention] In the permanent-magnetic motor which has a rotor core inside according to 
invention of this permanent-magnetic motor according to claim 1 as explained above Divide the 
aforementioned rotor core into two or more cores at the shaft orientations of a feed hole, and a 
permanent magnet is laid under the one core among two or more of these cores at least. Since the slit for 
enlarging the difference of the inductance of the hole and d shaft which are included in the cross-section 
configuration of the aforementioned permanent magnet, and q shaft was formed in other cores Only 
reluctance torque is generated in other cores, and the reluctance torque can be enlarged, and it is 
effective in the ability to obtain an efficient motor. 

[0028] In the permanent-magnetic motor which comes to arrange a magnet flush-type field core (rotor 
core) in a stator core according to invention according to claim 2 Divide the aforementioned rotor core 
into the shaft orientations of a feed hole at two cores, double with one core (the 1st core) at least at the 
number of poles of the aforementioned permanent-magnetic motor, and a permanent magnet is laid 
underground. While the hole for flux barrier which faces the core (the 2nd core) of another side at the 
aforementioned permanent magnet, and is contained in the cross-section configuration of this permanent 
magnet is formed Since the slit for enlarging the difference of the inductance of d shaft and q shaft was 
formed along with the magnetic path of the magnetic flux from the aforementioned stator core In the 1st 
core, magnet torque can mainly be generated like the former, only reluctance torque can be generated in 
the 2nd core, moreover the reluctance can be enlarged, and it is effective in the ability to obtain an 
efficient motor. 

[0029] According to invention according to claim 3, in a claim 2, the permanent magnet of the 1st core 
is turned to radial in a cross-section rectangle. And arrange to a core circumferencial direction at equal 
intervals by the number of poles of the concerned permanent-magnetic motor, and it considers as the 
boundary line top of a magnetic pole. And the hole for flux barrier is formed between the diameter side 
edge sections of incore of this permanent magnet. Since it formed in the type where included the hole 
for the ******** barrier of the 2nd aforementioned core in the cross-section rectangle of the 
aforementioned permanent magnet, and the magnetic path of the magnetic flux from the aforementioned 
stator core was met in the aforementioned slit While the shunt of the magnetic flux of a permanent 
magnet and a leakage can be prevented by the contact surface of an edge and the 1 st core, and the 2nd 
core in addition to the effect of a claim 2, the error of flux density can be prevented, as a result it is 
effective in the ability to plan the upgrading of a motor. Moreover, since the field where it is not placed 
between the magnetic paths of the magnetic flux from a stator core by the permanent magnet in the 1 st 
core is generated, it is effective in occurrence of reluctance torque being expectable. 
[0030] While according to invention according to claim 4 the permanent magnet of the 1st core is 
arranged right-angled to the typeface of reverse ** in a cross-section rectangle in a claim 2 and the 
magnetic pole of the concerned permanent magnet is constituted The group of the permanent magnet 
arranged right-angled by the typeface of this reverse ** is arranged to a core circumferencial direction at 
equal intervals by the number of poles of the concerned permanent-magnetic motor, the hole for the flux 
barrier of the 2nd aforementioned core - the cross-section rectangle of the aforementioned permanent 
magnet - including - and the aforementioned slit - the above - since it formed in the type where the 
core outer-diameter side was met from the hole at the magnetic path of the magnetic flux from the 
aforementioned stator core, in addition to the effect of a claim 2, the same effect as a claim 3 is done so 
[0031] According to invention according to claim 5, in a claim 2, the permanent magnet of the 1st 
aforementioned core is arranged to a core circumferencial direction at equal intervals by the number of 
poles of the concerned permanent-magnetic motor along with the diameter of incore in a cross-section 
rectangle. And the hole for flux barrier prolonged in the core outer-diameter orientation from the both 
ends of this permanent magnet is 
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